PATENT SPEaFICATION 



(H) 



1 572 596 



vo 



(22) Filed 4 Dec 1975 
12 Jan. 1976 



13 Sept 1976 



(21) Application Nos. 49812/75 
1076/76 
37926/76 

(23) Complete Specification filed 6 Dec. 1976 
(44) Complete Specification published 

(51) INT. CL.» GOIN 1/18 r - • 

(52) Index at acceptance 

GIB CK 

(72) Inventor JOHN EEINEST FOSTER HOLLEY 



(54) APPARATUS AND METHOD FOR INNOCXJLATION 




(71) We, The Opto Electronic Dis- 
plays Limited* of 269a Haydons Road, 
Wimbledon, London S.W. 19. A British 
Company, do hereby declare the inven- 

5 tion for which we pray that a patent may 
be granted to us, and the method by which 
it is performed to be particularly described 
in and by the following statement: — 
This invention relates to an apparatus 

10 and method useful for the testing of anti- 
biotics for their effectiveness against patho- 
genic micro-organisms. 

In conventional medical practice the 
effectiveness of a particular antirbiotic 

15 against a pathogenic micro-organism fre- 
quently has to be determined. This can be 
carried out by innoculating a range of anti- 
biotics at different concentrations with a 
liquid containing the pathogenic micro- 

20 organism. This process involves the care- 
ful addition of a measured amount of 
liquid to a very large number of individual 
containers, as the amount of liquid added 
is small, of the order of 0.05nil, this pro- 

25 cess can be tedious and time-consuming and 
opportunities can easily arise for error. 

We have now devised an apparatus and 
method for innoculating anti-biotics with 
liquids in which less individual innocula- 

30 tion of anti-biotic samples by an operator 
is required. 

According to the invention there is pro- 
vided an innoculaticHi plate, which plate 
comprises a plurality of innoculating lines 

35 each line comprising a reservoir and a plur- 
ality of wells connected by ccmduits so. as 
to form a continuous liquid flow path from 
the reservoir sequentially through each 
well; each well extendmg in depth below 

40 the level of the conduit leading from it at 
the side distant from the reservoir herein- 
after called the exit conduit, the voltune of 
each vrell beneath the exit conduit being 
substantially the same, and there being a 

45 receiver for excess liquid connected to the 
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well most remote from the reservoir in an 
innoculating line so as to receive liquid 
passing out of this well. 

The innoculation plate may further com- 
prise a plate support means having a slop- 50 
ing portion whereby when the plate sup- 
port means is placed on a level surface the 
sloping portion thereof is at a predeter- 
mined angle, whereby when the plate is 
placed on the sloping portion of the plate 55 
support means on a level surface each well 
can hold a limited pre-determined volume 
of liquid. By level surface is meant a sur- 
face that is horizontal as determined by a 
spirit level. 

The invention furfher provides a method 
of innoculating a plurali^ of wells contain- 
ing an anti-biotic in dry form u^ng a plate, 
which plate con^prising a plurality of in- 
noculating lines each Ihie comprising a re- 
servoir and a i>lurality of wells contain- 
ing an antihbiotic in dry form connected 
by conduits so as to form a continuous path 
from the reservoir sequentially through 
each wen, the reservoirs being at the^ same 70 
end of each line» each well extending in 
depth lower than the conduit leading from 
it on the side distant from the reservoir, 
which method comprises placing an excess 
of iimocnlating liquid in the reservoir and 75 
then placing the plate at a pre-determined 
angle with the reservoirs at the highest 
level of each line so that innoculating 
liquid passes f rc»n the reservoirs into each 
wen so that eadi wen contains a limited 80 
pre'<l^rmined vohune of hmoculating 
liquid the excess liquid being coUected in a 
receiver. In die plate tfie innoculating lines 
are preferably paraUeL the conduits are 
preferably chaimels, and wells are upward^ 
ly open. 

The plate is preferably made of a trans- 
parent pk^cs material, e.g. a polystyrene, 
a perspex or a p.v.c. O^erspex is a Regis- 
tered Trade Mark). The plate can then con- &K> 
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veniently be made from a mould. The wells 
preferably have a circular cross-section 
and a conduit enters and leaves each well 
at opposite ends of a diameter of the circle, 
5 more preferably the conduits all lie upon a 
line passing through the centre of each 
well. Preferably each well has paraUel sides 
and the conduits enter and leave the well 
a part way up the side of the well. 

10 Suitable plates comprise from 2 to 12 
innoculating lines and each line comprises 
4 to 16 wells, a typical plate comprises 96 
wells in eight Imes of twelve wells. The 
wells and conduits are preferably arranged 

15 so that when the plate is at an angle of e.g. 
30'' to the horizontal each well can hold 
from .10-.025mL of liquid. Preferably 
there are no sharp comers in the path from 
the reservoirs through the wells ^^ch can 

20 interfere with the smooth flow of liquid. 
The reservoirs for each innoculating line 
are preferably formed by dividing a com- 
mon reservoir by means of baffles, the 
spaces between the baffles forming the re- 

25 servoir for each innoculating line, the com- 
mon reservoir is only partially subdivided 
by the baffles so that the ends of the re- 
servoirs not connected to the innoculat- 
ing line open to a common channeL 

30 The reservoirs preferably are upwardly 
sloping at their end distant from the con- 
duit leaving them for ease of outlet from 
the reservoirs. 
There can be a receiver in each line for 

35 excess liquid connected to the well 
most remote from the reservoir to receive 
liquid passing out of this well, the 
receivers for adl the lines can optionally be 
a common receiver; 

40 The plate can be any shape but is pre- 
ferably rectangular for ease of handing 
and manufacture. 

In a method of the invention by excess 
amount of innoculating liquid is meant 

45 more than enough innoculating liquid to 
fin each well with the predetennined 
amount of liquid. The principle of the 
method lies in the fact that when the plate 
is at a given angle to the horizontal each 

50 well win hold up to a certain volume of 
liquid before liquid flows out of the con- 
duit on the side distant from the reservoir 
thus a means of innoculatmg each weU 
with the same volume of liquid is provided. 

55 In use individual lines can contain ynry- 
ing dosages of the same anti-biotic in de- 
ferent wells and eadi line can contain a 
different anti-biotic, preferably one well in 
each line contains no anti-biotic. 

60 The apparatus of the invention can also 
be used for innoculating a miilti-weH plate, 
for this purpose the wells in the innocula- 
tion plate each have a capillary hole 
formed in them at their lowest surface. 

65 The hole can be positioned anywhere in 



the lower surface of the well, though pre- 
ferably it is positioned off-centre of the 
welL 

Each row of wells in the innoculating 
plate is connected to a reservoir and inter- 70 
connected so that liquid can be passed 
from tlie reservoir to all the wells in the 
row, and the holes are preferably posi- 
tioned in the wells at the front of the wells 
taking the side of each well nearest the re- 75 
servoir as the front. 

Preferably the innoculating plate has a 
cover which can be heat sealed over it at its 
edges so that ^en the wells contain liquid 
air pressure can be applied to all the wells ^0 
to force out liquid in each well through the 
capillary holes. 

If desired the cover and the innoculat- 
ing plate can be connected so that the cover 
can be folded over the innoculating plate, 85 
the cover and innoculating plate can be 
vacuum-formed from a common sheet of 
transparent plastics material. 

It has been foimd that when the reser- 
voirs are filled with liquid and the innocu- 90 
lating plate tilted the wells are filled with 
liquid and the liquid wUl not flow out 
through the capilla^ holes till air pressure 
is applied to the liquid in the wells. The 
surface tension of the liquid holds the liquid 95 
in the holes till a sufiScient air pressure is 
applied to overcome this effect. 

In operation the innoculating imit with 
the cover heat sealed over it is placed over 
a multi-well plate with each well in the in- 100 
noculating plate corre^>onding to a well in 
the multi-well plate, liquid applied to each 
of the reservoirs at the head of each row 
of wells. The unit is tilted to cause the wells 
to be filled with liquid. Air pressure is ap- !05 
plied to the liquid in the wells in the in- 
noculating imit \(^ch forces liquid through 
the c£q>illary holes in the innoculating unit 
wells into the wells in the multi-well plate. 

When the reservoir for each innoculat- no 
ing line is formed by dividing a common 
reservoir by means of baffles, and the in- 
dividual reservoirs are connected by a com- 
mon channel tiien the ceservoirs are pre- 
ferably filled by filling the reservoirs with 115 
Hquid, tilting the plate to cause the liquid 
to flow into the conmion channel and thus 
equally distribute the liquid betwera the re- 
servoirs. The plate is then tilted to cause 
the liquid to flow down the innoculating 120 
lines and thus fill the wells. 

In an application of the invention the 
method and ^iparatus of the invention can 
be used to innoculate a multi-well plate 
with a plurality of wells having tests for 125 
various enzymes and a plurality of weUs 
having pie-selected antibiotic combination 
in them. 

The tests for enzymes can be any selected 
from a standard range of enzyme tests, 130 
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suitable tests include the ONPG» arginine 
dihydroioase, lysine decarboxylase, orni- 
thine, decarboxylase, urease, deaminase, 
and tests in which enzymes affect a sub- 
5 stralc or reagent such as a nitrate, hydro- 
gen sulphide trytophan, indole, acetoin or 
gelatin, and fermentation tests of glucose, 
mannitol, inositol, soibitol, rhaminose, suc- 
rose, melicitose, amygdalin or aribinose. 

10 The antibiotic combinations are preferably 
selected to give an optium result on a 
range of micro-organisms. In norinal opera- 
tions the species of micro-organism being 
identified will broadly be known and the 

15 anti-biotic combination accordingly chosen. 
In operation the sample of material being 
tested is placed in each of the wells of the 
plate. In the wells containing the enzyme 
tests the results of the tests will identify the 

20 microorganism. In the wells containing the 
antibiotic combination a cell should pro- 
duce a cuhure of the pure micro-organism. 
By noting the colour change combination 
in the wells containing the enzyme tests and 

25 thus identifying the micro-organism it is 
possible to have a pre-knowledge of which 
of the anti-biotic contaming cells will con- 
tain a culture of a single micro-organism. 
The feasibility of early reading of the 

30 colour information could give enough time 
so that the organisms are still in the log- 
arithmic stage of growth, this could help 
in the second stage of the antibiotic M,LQ 
determination. 

35 A sample from the cell containing the 
single micro-organism culture can be then 
used for re-innoculation. 

The growth of the micro-organism in the 
cells containing the anti-biotic combina- 

40 tions can be detected by purely visual 
means or by detection of fluorescence by 
exposing the micro-organism to electro- 
magnetic radiation of a wave length at 
which it will fluoresce if it is growing, and 

45 detecting electro-magnetic radiation of a 
longer wavelength generated by the fluores- 
cence. 

A feature of this use of the invention is 
that it enables one plate to be used for iden- 

50 tification of several organisms. For example 
up to 16 organisms can be tested in a plate 
of eighty wcUs by placing the organism in 
five wells containing different antibiotics 
and if it is killed in four the fifth well will 

55 contain the pure organism. 

Another feature of the invention is that 
the plates, after use, can be readily dis- 
posed of, thus reducing the risk from 
pathogenic organisms. 

60 The invention will now be described 
with reference to the accompanying draw- 
ings in which 

Fig- 1 is a plan view of an embodiment 
of the invention in which the plate is used 

65 as a self-innoculatmg plate. 



Fig. 2 is a view along line A-A of fig. 1. 

Fig. 3 is a view along line B-B of fig. 2. 

Fig. 4 is an enlarged view of part of fig. 2. 

Fig. 5 is an enlarged view of fig. 2 in use. 

Fig. 6 shows in diagranmiatic form the 70 
plate in us . 

Fig, 7 is a plan vi w of a second embodi- 
ment of the invention in which there are 
capillary holes in the wells in the innocu- 
lating plate. 75 

Fig. 8 is a perspective view of the assem- 
bled unit and cover shown in Fig. 7. 

Referring to fig. 1 a transparent plastic 
block 1 has circular wells 2 formed in it, 
which wells 2 are coimected to each other 80 
by conduits 3. At one end are reservoirs 4, 
and there is a continuous passage from 
reservoirs 4 through all the wells in each 
respective line of wells. At the other end 
of the conduits is a receiver 5. 85 

Referring to figure 2 each well 2 has a 
conduit 3 entering and leaving it above its 
lowermost point. 

In use of the embodiment shown in Fig. 
1 the plate with a predetermined amount 90 
of anti-biotic in each well is placed on 
portion 10 of plate support means 9 (figure 
6). The liquid contaming a pathogenic 
micro-organism is placed in reservoirs 4 in 
an amount more than sufficient to fill all ^5 
the wells up to their conduit level con- 
nected to that reservcHr. The plate is then 
placed on portion 11 of the plate support 
means 9 aiid the liquid runs out of reservoir 
4 and flows sequentially through the walls 100 
to the receiver 5. Each well is then filled 
with the liquid 6 as shown in fig. 5. 

Thus simply and easily a series of wells 
can be filled with the same volume of a 
liquid. The amount of liquid contained in 105 
each well \rill naturally vary depending on 
the angle the plate is filled to and the 
material used. 

Referring to figs. 7 and 8 an iimoculat- 
ing unit 21 has wells 22 formed in it, only 1 10 
some of the wells are shown. The plate 21 
is made from relatively thin plastic and has 
capillary holes formed in it. Each row of 
wells are connected to reservoks 23 and 24, 
the reservoirs 23 being separated by baffles 115 
30 so that an the reservoirs are connected 
to common channel. The holes in weUs 22 
are positioned off-centre nearer the reser- 
voirs 23. 

There is a cover 25 coimected to plate 120 
21 so that it can be folded over along line 
26-26 and heat sealed around the edges to 
form an air-tight cover as shown in Pig. 8. 

In operation the unit 21 and its heat- 
sealed cover 25 is placed over the multi- 125 
well plate to be mnoculated and liquid 
placed in reservoirs 23 through opening 27 
in the cover. The rcseivoirs 23 are separ- 
ated bv baffles 30 to ensure that each row 
of wells 22, win receive a supply of liquid 130 
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and enable the unit 21 to be filled in a 
single operation. The reservoirs 23 are in- 
noculated with liquid and the plate tilted 
so that liquid runs into common channel 

5 29 so that the liquid equally distributes 
itself between the reservoirs 23 separated 
by baffles 30. The unit is then tilted to 
cause the liquid to flow from reservoirs 23 
down each row of wells 22 so as to fill the 

10 wells. The hole 27 is then covered and air 
pressure applied to the liquid in the wells 
22 e.g. by squeezing the top of cover 25. 
Liquid is forced through the capillary 
holes in wells 22, and, because the holes 

15 are off-centre of the wells liquid comes into 
contact with the sides of the wells in the 
multi-well plate and is transferred into the 
wells into the multi-well plate by surface 
tension. 

20 The unit 21 and cover 25 can be made 
of a transparent polyvinyl chloride and 
shaped by vacuum-forming. 
WHAT WE CLAIM IS: 
1. An innoculation f)late, which plate 

25 comprises a plurality of innoculating Unes, 
each* line comprising a reservoir and a 
plurality of wells connected^ by conduits so 
as to form a continuous liquid flow path 
from the reservoir sequentially through 

30 each well in the innoculating line; each 
well extending in depth below the level of 
the conduit leading from it at the side dis- 
tant horn the reservoir, the volume of each 
well below the esdt conduit being substan- 

35 tially the same and there being a receiver 
for excess liquid connected to the well most 
remote from a reservoir in an innoculat- 
ing line, so as to receive liquid passing out 
of this well. 

40 2. An innoculation plate as claimed in 
claim 1 or 2 in which the wells have a cir- 
cular cross-section and the conduits lie on 
a horizontal line passing ttirougji the centre 
of each welL 

45 3. An imioculatxng plate as claimed in 
any one of claims 1 or 2 which comprises 
2 to 12 innoculating lines each containing 
4 to 16 weDs, 

4. An innoculation plate as claimed in 

50 claim 1 in which f urtter comprises a plate 
support means having a sloping portion 
whereby when the pkd» support means is 
placed, on a level surface the sloping por- 
tion thereof is at a predetermined angle, 

55 to the horizontal hereby when the plate 
is placed on the sloping portion of the plate 
support means placed on a level surface 
each wen fills pre-determined volume of 
liqiud. 

60 5. An innoculation plate as claimed in 
any one of claims 1-4 in which the conduit 
enters a well a part way up the side of the 
well. 

6. An innoculation plate as claimed in 
65 claim 5 which, when the plate is at an 



angle to the horizontal each well can hold 
the same volume of liquid in the range of 
0.1 to 0.025ml. of liquid. 

7. A method of innoculating a plurality 
of wells containing an anti-biotic in dry 70 
form using a plate, which plate comprising 
a plurality of innoculating lines each line 
comprising a reservoir and a i^uiality of 
wells containing an anti-biotic in dry form 
connected by conduits so as to form a con- 75 
tinuous path from the reservoir sequential- 
ly through each well, the reservoirs being 
at the same end of each line, each well ex- 
tending in depth lower than the conduit 
leading from it on the side distant from the 80 
reservoir, which method comprises plac- 
ing an excess of innoculating liquid in the 
reservoir and then placing the plate at a 
pre-determined angle with the reservoirs at 
the highest level of each line so that in- 85 
noculating liquid passes from the reservoirs 
into each well so that each well contains a 
pre-determined volume of innoculating 
liquid, the excess liquid being collected in 
a receiver- 90 

8. An innoculating plate as claimed in 
any one of claims 1-6 in which a plurality 
of wells contain Kizyme tests and a plur- 
ality of other wells contain a growth 
medium and a pre-selected anti-biotic com- 95 
binafion. 

9. An innoculating plate as claimed in 
claim 8 in which the enzmye tests are 
selected from ONPG, arginine dihydrolase, 
lysine decarboxylase, ornithine decarboxy- lOG 
lase, urease, and tests in whidi enzymes af- 
fect a substrate or reagent such as a nitrate, 
hydrogen sulphide, trytophan, indole, ace- 
t<»n, gelatin, and fermentation tests of glu- 
cose, mannitol, inositol, sorbitol, rhamin- lOf 
ose, sucrose, melicitose, amygdalin or ari- 
binose. 

10. An innoculating plate as claimed in 
any one of claim 1-3 in wiiich the wells 
have a capillary hole formed in them at 110 
their lowest portion. 

11. An innoculating plate as claimed in 
claim 10 vMch has a cover, which can be 
heat sealed over it, so that when the wells 
contain liquid, air pressure can be applied 115 
to an the wells to force out liquid in each 
well through the capillary holes. 

12. An innoculating plate as claimed in 
claim 11 in which the cover and innoculat- 
ing plate are formed from a transparent 12c 
sheet of material and the cover can be 
folded over the innoculating plate. 

13. An innoculating plate as claimed in 
any one of claims 10-12 in which the reser- 
voir for each innoculating line is formed 125 
by the separati(Hi of a common reservoir 

by means of baffles so as to form a reser- 
voir for each innoculating line, the reser- 
voirs being connected to a conunon chan* 
nel at their ends not connected to the in- 13C 
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14. A method of innoculating a mulu- 
well plate which comprises placing an in- 
noculating plate as claimed in any one of 

5 claim 10-13 over the multi-well plate so 
that the wells in the innoculating plate 
correspond to wells in the multi-well plate, 
for putting liquid in the reservoks in the 
innoculating plate, tilting the plate to fill 

10 the wells in the innoculating plate with 
liquid and applying air pressure to the 
wells in the innoculating plate to force the 
liquid through the holes, 

15. A method as claimed in claim 14 
15 in which the reservoirs are connected to a 

common channel at their end not con- 



nected to the innoculating lines, and after 
putting liquid in the reservoirs, the iimocu- 
lating plate is tilted to fill the common 
channel with liquid and to distribute liquid 20 
equally between the reservoirs and then the 
innoculating plate is tilted to fill the wells 
in the innoculating plate with liquid. 

16. An innoculating plate as herem- 
before described with reference to figures 
1-6 of the accompanying drawings. 

17. An innoculating plate as hercm- 
bef ore described wi^ reference to figures 
7 and 8 of the drawings. 

A. N.COHEN 
Chartered Patent Agent 
Agent for the Applicants. 
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